I. INTRODUCTION
The objective of this review is to present the basic biology of cell adhesion proteins and their cell surface receptors (the integrins) and, in so doing, indicate areas in which this class of molecules are important to the study of topics in oral biology. A vast amount of work has been done in the area reviewed here and recent reviews exist that cover other aspects of this topic. '4 In the following discussion, we will first present an overview of the role of cell adhesion proteins and integrins in cell adhesion, cell differentiation, and morphogenesis and, in subsequent sections, we will present information germane to individual members of this family of molecules. During our presentation of information on individual molecules, we will provide information currently available about their role in structure and function of hard tissues. In particular, this review will stress information available about the role of cell adhesion proteins in chondrogenesis and osteogenesis. In the final section, generalizations concerning the role of cell adhesion proteins in disease states will be presented.
A. The Evolution and Developmental Biology of the Cell Adhesion Proteins
In the developing tissues of an embryo, cells exert forces on an organizing extracellular matrix (ECM) to produce form. 5 Pleuripotential cells adopt specialized functions following the expression of differentiated phenotypes and the process known as morphogenesis becomes complete. During wound healing, similar processes may be repeated in mature tissues.6-9 Previously recognized for its contribution to the biomechanical properties of a tissue, the extracellular matrix is now known to regulate many of the processes involved in morphogenesis. 10 Cell migration is involved in the morphogenesis of tissues derived from neural crest cell derivatives. Cells migrate by making and breaking contacts with ECM molecules that define pathways that direct organized cell movements. 1027, [30] [31] [32] [33] [34] Other ECM molecules also play a very important role in morphogenesis. 8'35-41 Collagens, like the fibronectins, are evolutionarily conserved molecules. 42 Collagens impart strength to tissues and provide a structural network that results in a three-dimensional organization of the ECM. ' The cell surface receptor for fibronectin was first described by Pierschbacher and Ruoslahti6 in 1983. The term "integrin" was coined by Tamkun et al. 67 following a detailed study of an avian fibronectin receptor, a transmembrane glycoprotein complex composed of the a-subunit and a 13-subunit. This term was proposed to indicate that this glycoprotein complex was an integral membrane structure that had a probable role in the organization of both the ECM and the cytoskeleton.67 Subsequently, several other molecules with similar structural and functional characteristics58 68, 69 were identified, prompting Hynes58 to propose a formal nomenclature for what is now known to be a superfamily of adhesion receptors termed the integrins. The classification scheme proposed by Hynes defines subfamilies with a common P-subunit (Table 1) . Ligand specificity within each subfamily is attributed to unique a-subunits.
Currently, eight integrin subfamilies, as defined by unique 13-subunits, have been reported (Table 1) . These subfamilies include the very late antigens (VLA) family of ECM receptors or the ap,3 subfamily, the aO32 family of the leukocyte adhesion molecules, the ao33 cytoadhesin family, the a4p epithelial integrin family, and the ap,3 position-specific antigens of Drosophilia.
D. General Structural Features of

Integrins
Each integrin molecule is composed of a Psubunit that is noncovalently associated with a distinct a-subunit ( Figure 1 ). Both a-and 13-subunits are type I transmembrane glycoproteins consisting of a large amino-terminal extracellular extension, a short, hydrophobic transmembrane sequence, and a short carboxy-terminal cytoplasmic domain. 70 ,000 kDa). 177, 178 Independently, an "S-protein" (site-specific protein) was identified in serum179 that was found to be incorporated within the terminal high-molecular-weight complement attack complex. ' The mammalian ca-subunit is a disulfidelinked complex consisting of a large peptide (130 kDa) and a 25-kDa peptide generated by posttranslational cleavage (Figure 1 
